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Differential Gear Assemblies 



We, Vauxhall Motors Limited, a British 
Company, of Kimpton Road, Luton, Bedford- 
shire, do hereby declare the invention for 
which we pray that a patent may be granted 
to us and the method by which it is to be 
performed to be particularly described in and 
by the following statement: — 

This invention relates to differential gear as- 
semblies, primarily for use in motor vehicles. 

According to the invention in a differential 
gear assembly, a pair of bevel pinion gears 
mesh with a pair of bevel side gears and are 
carried by a cross pin that is mounted in an 
opposed pair of slots in a crown wheel forming 
part of the assembly and the slots are arranged 
to allow movement of the cross pin along them 
in a direction substantially parallel to the axis 
of rotation of the crown wheel. This movement 
of the cross pin permits self-alignment of the 
bevel pinion gears. 

The cross pin preferably has flat-surfaced 
or other non-circular end portions arranged to 
co-operate with the slots to prevent rotary 
movement of the cross pin 'about its longitudi- 
nal axis. 

The bevel pinion gears and the bevel side 
gears may have part-spherical external surface 
portions for engagement with a part-spherical 
internal surface of a casing for the bevel gears. 
The bevel pinion gears may be free to slide 
on the cross pin, to allow self-alignment of 
the bevel gears against the part-spherical inter- 
nal surface of the casing under the action of 
gear-engagement reaction forces. The part- 
spherical internal surface may have been hard- 
ened, for example by carbonitriding. 

The casing for the bevel gears may be made 
of pressed steel. Such a construction can be 
produced accurately in an economical manner, 
especially when the casing is to have a pan- 
spherical internal surface, no machining to 
shape being needed. The casing is conveniently 
a two-part steel pressing the two parts of 
which are held together by bolts. These bolts 
may also secure the crown wheel to the casing. 
[Price 4s. 6d.] 



The two parts may have a parting surface gen- 
erally in a radial plane with respect to the 
axis of rotation of the crown wheel. 

To maintain the two parts of the casing in 
register, a first of these parts may include an 
annular dish-shaped portion formed by a ra- 
dial external flange having its outer periphery 
turned over to extend axially, this dish-shaped 
portion having a radial external flange of the 
second part fitted therein. The radial external 
flange of the first part of the casing may ex- 
tend from a generally cylindrical support por- 
tion of the first part, with the crown wheel 
seated in engagement with both the flanges and 
the support portion. 

The cross pin may carry a spacer plate 
which during operation is held out of contact 
with the bevel gears, conveniently by the cas- 
ing for the bevel gears, but during assembly 
is engageable by the bevel side gears to limit 
misalignment of these gears, before they are 
located by the insertion of respective output 
shafts, for example opposed axle shafts of a 
motor vehicle. The spacer plate may include 
terminal scoop portions which extend through 
respective holes in the casing, for the bevel 
gears and are arranged to impel lubricating 
oil into the interior of the casing during opera- 
tion. 

The appended claims define the scope of 
the invention claimed. The invention and how 
it can be performed are hereinafter particularly 
described with reference to the accompanying 
drawings, in which: — 

Figure 1 is a fragmentary section, with some 
parts in elevation, of one embodiment of a 
differential gear assembly according to the in- 
vention, for use in a motor vehicle; 

Figure 2 is a section on the line II — II 0 f 
Figure 1, in the direction of the arrows; and 

Figure 3 is a section on the line III III 

of Figure 1, in the direction of the arrows, 
with some internal parts shown in elevation. 

As is shown for example in Figure 1, a 
differential gear assembly includes a pair of 90 
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bevel pinion gears 10 and 12 which mesh with 
a pair of opposed bevel side gears 14 and 16 
keyed to respective ones of a pair of oppositely 
extending axle shafts 18 and 20 forming out- 

5 pur shafts of the differ^ial gear assembly, 
for driving a pair of driven wheels (not shown) 
of a motor vehicle. 

The bevel gears 10, 12, 14 and 16 are con- 
tained within a sheet-steel casing 22 which is 

10 generally spherical in shape. The casing com- 
prises first and second parts 24 and 26 held 
together by bolts 28 which pass through holes 
in respective radial external flanges 30 and 32 
of the parts into corresponding screw-threaded 

13 holes in a crown wheel 34, so securing the 
crown wheel to the casing. 

The crown wheel 34 is arranged to be driven 
by a conventional input pinion (not shown), 
whereby the crown wheel and the casing 22 

20 rotate as a unit in bearings (not shown) within 
a conventional axle housing (also not shown) 
containing lubricating oil. 

The first part 24 of the casing 22 includes 
an annular dish-shaped portion formed by the 

25 radial external flange 30, which has its outer 
periphery 36 bent over to extend axially: the 
radial external flange 32 of the second part 
of the casing fits into the dish-shaped portion 
of the first part to maintain the two parts of 

30 the casing accurately in register. The radial 
external flange 32 of the second part 26 ex- 
tends outwardly from a generally cylindrical 
support portion 38 (Figure 3) and the crown 
wheel 34 is held accurately in register with 

35 the casing by being seated in engagement with 
both the flange 32 and the support portion 
38. 

The bevel pinion gears 10 and 12 are car- 
ried by a cross pin 40 which is mounted direct- 

40 ly on the crown wheel 34. The cross pin has 
reduced-diameter end portions 42 and 44 
which are accommodated in respective slots 46 
and 48, formed at the inner periphery of the 
annular crown wheel in a broaching operation 

45 used to form the central aperture of the crown 
wheel. As is shown in Figure 2, the reduced- 
diameter end portions 42 and 44 of the cross 
pin 40 have flat surfaces 50 which prevent ro- 
tary movement of the cross pin about its longi- 

50 tudinal axis. 

The bevel pinion gears 10 and 12 are 
mounted freely on the cross pin 40. These 
gears, and the bevel side gears 14 and 16, have 
part-spherical external surface portions 52 for 

55 engagement with a part-spherical internal sur- 
face 54 of the casing 22, this surface 54 having 
been hardened by carbonitriding. The end por- 
tions 42 and 44 of the cross pin 40 are free 
to move along the slots 46 and 48, to allow 

60 the cross pin to move in a plane common to 
the axis of rotation III — III of the crown 
wheel and the longitudinal axis II — II of the 
cross pin, namely in the plane of the paper 
in Figure 1. In this way, self-alignment of the 

65 bevel gears can occur during operation, with 



the part-spherical external surface portions 52 
of the bevel gears being biased towards the 
hardened part-spherical internal surface 54 of 
the casing under the action of gear-engagement 
reaction forces. This self-alignment charac- 70 
teristic gives equal distribution of the loads 
on the meshing teeth of the bevel gears, so 
increasing the potential load capacity of the 
bevel gears without the need to produce the 
assembly to very close tolerances. 75 

As is shown for example in Figure 2, to 
facilitate assembly and assist lubrication, a 
generally H-shaped spacer plate 56 is carried 
by the cross pin 40. The spacer plate includes 
terminal scoop portions 58 and 60 which ex- 80 
tend through respective holes 62 and 64 in 
the casing and, during rotation in the direction 
of the arrows 66, impel oil into the interior 
of the casing, to ensure adequate lubrication 
of the bevel gears. Movement of the spacer 85 
plate along the cross pin is limited by engage- 
ment of the plate with the casing, and so the 
spacer plate is held out of contact with the 
bevel gears during operation. However, during 
assembly, the spacer plate limits misalignment 90 
of the bevel side gears which could otherwise 
occur before insertion of the axle shafts. 

The differential gear assembly which has 
been described is thus economical to manufac- 
ture, and has ( a self-aligning characteristic 95 
which gives the bevel gears a relatively high 
potential load capacity. Also, the drive torque 
of the crown wheel is transmitted directly to 
the cross pin carrying the bevel pinion gears, 
rather than by way of a bolted connection. 100 

WHAT WE CLAIM IS: — 

1. A differential gear assembly in which a 
pair of bevel pinion gears mesh with a pair 
of bevel side gears and are carried by a cross 

pin that is mounted in an opposed pair of slots 105 
in a crown wheel forming part of the assembly, 
and in which the slots are arranged to allow 
movement of the cross pin along them in a 
direction substantially parallel to the axis of 
rotation of the crown wheel. 110 

2. A differential gear assembly according to 
Claim 1, wherein the cross pin has non-circular 
end portions arranged to co-operate with the 
slots to prevent rotary movement of the cross 

pin about its longitudinal axis. 115 

3. A differential gear assembly according to 
claim 1 or 2 wherein the bevel gears have part- 
spherical external surface portions for engage- 
ment with a part-spherical internal surface of 

a casing for the bevel gears. 120 

4. A differential gear assembly according to 
claim 3, wherein the bevel pinion gears are 
free to slide on the cross pin. 

5. A differential gear assembly according to 
claim 3 or 4, wherein the casing for the bevel 125 
gear is made of pressed steel, with the part- 
spherical internal surface hardened. 

6. A differential gear assembly according to 
claim 5, wherein the pressed steel casing for 
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the bevel gears is in two parts held together 
by bolts. 

7. A differential gear assembly according to 
claim 6, wherein the bolts also secure the 

5 crown wheel to the casing. 

8. A differential gear assembly according to 
claim 6 or 7 wherein the two parts of the cas- 
ing have a parting surface generally in a radial 
plane with respect to the axis of rotation of 

10 the crown wheel. 

9. A differential gear assembly according to 
any one of claims 6 to 8, wherein a first of 
the two parts of the casing includes an annular 
dish-shaped portion formed by a radial exter- 

15 nal flange having its outer periphery turned 
over to extend axially, and a radial external 
flange of the second pan of the casing is fitted 
in the annular dish-shaped portion. 

10. A differential gear assembly according 
20 to claim 11, wherein the radial external flange 

of the second part of the casing extends from 
a generally cylindrical support portion of the 
second part, with the crown wheel seated in 
engagement with both the flange and the sup- 
25 port portion. 

11. A differential gear assembly according 
to any one of chims 1 to 10 3 wherein the cross 



pin carries a spacer plate which during opera- 
tion is held out of contact with the bevel gears 
but during assembly is engageable by the bevel 30 
side gears to limit misalignment of these gears. 

12. A differential gear assembly according 
to claim 11, wherein the spacer plate is, during 
operation, held out of contact with the bevel 
gears by the casing for the bevel gears. 35 

13. A differential gear assembly according 
to claim 11 or 12, wherein the spacer plate 
includes terminal scoop portions which extend 
through respective holes in the casing for the 
bevel gears and are arranged to impel lubrica- 40 
tion oil into the interior of the casing during 
operation. 

14. A differential gear assembly substantial- 
ly as hereinbefore particularly described and 

as shown in the accompanying drawings. 45 

15. A motor vehicle in which a differential 
gear assembly according to any one of claims 
1 to 13 has its bevel side gears connected to 
drive respective ones of a pair of opposed axle 
shafts for a pair of driven wheels of the 50 
vehicle. 

D. H. O. WORKMAN, 
Chartered Patent Agent 
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